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(54) Matching circuit 

(57) The invention relates to a matching circuit for 
adapting an amplifier to load impedance at various out- 
put power levels of the amplifier, and a method for adapt- 
ing the amplifier to load impedance at various output 
power levels of the amplifier. The matching circuit com- 
prises an LC circuit, i.e. an electric circuit switching con- 
sisting of at least one coil and at least one capacitor for 
tuning harmonic signals resulting from amplifier non-lin- 
earities. At least one capacitor of the LC circuit (600, 



602, 604, 606) is an adjustable microelectromechanical 
(MEMS) capacitor (602, 606). The LC circuit comprises 
an interface for receiving control signals (220) adjusting 
capacitance of the microelectromechanical (MEMS) ca- 
pacitor. The control signals (220) adjust the capacitance 
of the microelectromechanical (MEMS) capacitor (602, 
606) such that the LC circuit (600, 602, 604, 606) reso- 
nates at the frequency of the harmonic signal to be 
tuned. 
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Description 

. FIELD OF THE INVENTION 

[0001] The invention relates to a matching circuit, by 
which a radio-frequency amplifier can electrically be ad- 
justed to a load, and a method for adapting the amplifier 
to load impedance at various amplifier output power lev- 
els by means of the matching circuit. 

BACKGROUND OF THE INVENTION 

[0002] A radio channel changes constantly as a func- 
tion of time. For instance, as a subscriber terminal 
moves, changes in multipath propagation environment 
cause changes in the radio channel. It is important to 
adapt the subscriber terminal's transmission power lev- 
el such that the signal level is sufficient for a base station 
lo receive and detect the signal, and that it causes as 
little interference as possible to other users of the sys- 
tem. Transmitters use power amplifiers for adjusting the 
transmission power to a desired level. Receivers use 
pre amplifiers for amplifying the power of the received 
signal that has become weak on a radio channel. Output 
powers of the amplifiers in the subscriber terminals and 
the base station are adjusted as the radio channel 
changes. In addition, the amplifiers have to be matched 
with an antenna and operating environment of the an- 
tenna by impedance matching. Conventionally, the 
matcning circuit of a transmitter amplifier consists of 
passive circuit elements with constant values. A match- 
ing circuit of this kind can be adapted in optimal state 
only to one predetermined output power level, for which 
is generally selected the maximum power level. In ad- 
dition, if the transmitter is supposed to operate on any 
desired channel of a broad band, the optimal adaption 
setting changes according to the channel. 
[0003] Harmonic signals, of which the second har- 
monic signal, in particular, is harmful in radio-frequency 
applications, and which result from amplifier non-linear- 
ities, reduce the efficiency of the amplifier. To improve 
the efficiency, a typical solution is a frequency selective 
circuit, which is tuned to a desired harmonic signal fre- 
quency. Ii can be implemented by a simple LC circuit 
(inductance-capacitance), which resonates at the tuned 
frequency and thus short-circuits the signal portion that 
comprises the harmonic frequency. The prior art imple- 
mentation has a problem that in order to operate effi- 
ciently the circuit must have a high Q value, i.e. quality 
factor, and as the Q value is high the circuit operates 
optimally only on a narrow frequency band. 
[0004] US Patent 5,276,912 discloses a radio-fre- 
quency power amplifier having variable output power. 
The publication sets forth a plurality of different alterna- 
tives to match load impedance with the output power. 
The alternatives of the solution employ e.g. switches 
consisting of PIN diodes or transistors, or capacitors 
controlled by bias voltage, or varactors. However, the 



disclosed solutions have disadvantages: for instance, 
components used cause interference, such as distor- 
tion, to the output signal. In addition, when the device 
switches on, sudden, major changes in power generate 
5 major voltage variations, and consequently sensitive 
components must be protected by various solutions. 
Neither does the publication provide a solution for the 
problem of reduced amplifier efficiency resulting from 
the harmonic signals. 

10 [0005] Microelectromechanical MEMS (microelectro- 
mechanical system) components have currently been 
developed. In general, the microelectromechanical 
(MEMS) components are manufactured onto a semi- 
conductor substrate, such as silicon (Si) or gallium-ar- 

15 senide (GaAs), because in this manner it is possible to 
integrate them with conventional semi-conductor com- 
ponents as manufacturing technology advances. It is al- 
so possible to manufacture microelectromechanical 
(MEMS) components onto a dielectric material, such as 

20 aluminium oxide. The MEMS components have a struc- 
ture that is, at least in part, off from the base material, 
typically a membrane-like bridge, which opens and clos- 
es the circuit of the component. The bridge is controlled 
to on/off states by control voltage. The control voltage 

25 js applied to the semi-conductor substrate to a conduc- 
tive layer obtained by precipitation, which layer forms 
one or more electrodes. The electrode is located below 
the bridge, and therefore the position of the bridge can 
be controlled: when the bridge touches the electrode, 

30 the circuit is closed, and when the bridge does not touch 
the electrode, the circuit is open. If there is an isolating 
layer on top of the electrode, the bridge has no galvanic 
contact to the electrode. Thus at least, direct current 
does not provide a closed circuit. Capacitance between 

35 the bridge and the electrode is then high. Components 
manufactured by MEMS technology have mainly been 
used in write heads of ink-jet printers and in sensors, 
such as triggering mechanisms of air bags in vehicles. 
Radio frequency applications mainly utilize passive 

40 components manufactured by MEMS technology be- 
cause of space saving. 

BRIEF DESCRIPTION OF THE INVENTION 

45 [0006] The object of the invention is to provide a meth- 
od and equipment implementing the method such that 
a radio-frequency amplifier can be adjusted to an opti- 
mal state at a plurality of different power levels and op- 
erating frequencies. This is achieved with a matching 

50 circuit for adapting the amplifier to load impedance at 
various output power levels of the amplifier, the match- 
ing circuit comprising an interface for receiving control 
signals, which determine capacitance of one or more ca- 
pacitors. In the matching circuit of the invention at least 

55 one matching circuit capacitor is a microelectromechan- 
ical (MEMS) capacitor, whose capacitance the control 
signals adjust to make the amplifier operate optimally at 
a selected frequency at a power level used, and conse- 
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quently making the amplifier operate optimally in the 
whole desired power range. 

[0007] The invention also relates to a matching circuit 
for adapting the amplifier to load impedance at various 
output power levels of the amplifier, the matching circuit 
comprising one or more LC circuits, i.e. an electric circuit 
switching consisting of at least one coil and at least one 
capacitorfortuning harmonic signals resulting from am- 
plifier non-linearities. In the matching circuit of the in- 
vention, at least one LC circuit capacitor is an adjustable 
microelectromechanical (MEMS) capacitor, the LC cir- 
cuit comprises an interface for receiving the control sig- 
nals adjusting the capacitance of the microelectrome- 
chanical (MEMS) capacitor, the control signal adjusts 
the capacitance of the microelectromechanical (MEMS) 
capacitor such that the LC circuit resonates at the fre- 
quency of each harmonic signal to be tuned. 
[0008] The invention also relates to a method for 
adapting an amplifier to load impedance with a matching 
circuit at various output power levels of the amplifier, the 
matching circuit comprising an interface for receiving 
control signals which determine capacitance of one or 
more capacitors. The method of the invention adjusts 
the capacitance of at least one microelectromechanical 
(MEMS) capacitor of the matching circuit such that the 
amplifier operates optimally in a broad output power 
range. 

[0009] The invention also relates to a method for ad- 
justing the amplifier to load impedance with a matching 
circuit at various output power levels of the amplifier, the 
matching circuit comprising one or more LC circuits, i. 
e. an electric circuit switching consisting of at least one 
coil and at least one capacitor for tuning harmonic sig- 
nals resulting from amplifier non-linearities. In the meth- 
od of the invention, harmonic signals are tuned with an 
LC circuit, the LC circuit comprising at least one adjust- 
able microelectromechanical (MEMS) capacitor, control 
signals adjusting the capacitance of the microelectro- 
mechanical (MEMS) capacitor through an interface in 
the LC circuit are received, the capacitance of the mi- 
croelectromechanical (MEMS) capacitor is adjusted by 
at least one control signal such that the LC circuit reso- 
nates at the frequency of the harmonic signal to be 
tuned. 

[0010] The preferred embodiments of the invention 
are disclosed in the dependent claims. 
[001 1 ] The invention is based on the idea that adjust- 
able, microelectromechanical (MEMS) capacitors are 
introduced to radio-frequency amplifiers and/or LC cir- 
cuits connected thereto intended for tuning harmonic 
signals. In this way, it is possible to optimize the efficien- 
cy in energy transmission from the amplifier to the load 
impedance as the output power and operating frequen- 
cy of the amplifier varies. 

[0012] Several advantages are achieved by the meth- 
od and the system of the invention. By the method and 
system according to a first embodiment of the invention 
for adjusting a matching circuit of a radio-frequency am- 
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plif ier it is possible to adapt the optimum load impedance 
of the amplifier to the load impedance according to 
changes in the output power and, operating frequency. 
Thanks to adjustability, the method and system of a sec- 

5 ond embodiment of the invention for tuning harmonic 
signals allow to achieve a more accurate and quicker 
adaption to the harmonic frequency concerned. 
[0013] The MEMS capacitors are extremely linear as 
to their electric properties, because they have no P/N 

10 interface (interface of positive and negative charge car- 
riers), and therefore they do not generate non-linearities 
that are typical to semi-conductor components, such as 
PIN diodes and FET (Fie Id- Effect Transistor) compo- 
nents. Non-linearity of the component is harmful, be- 

15 cause it causes signal distortion. In addition, the MEMS 
capacitors tolerate well large voltage variations and they 
have good AC voltage toleration, so there is less need 
for separate components or circuits protecting against 
voltage peaks. Furthermore, losses of the MEMS ca- 

20 pacitors are very small and their, service life as com- 
pared with MEMS switches is considerably long. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0014] In the following the invention will be described 
in greater detail in connection with preferred embodi- 
ments, with reference to the attached drawings, wherein 

Figure 1 illustrates an example of a telecommuni- 
30 cation system; 

Figure 2 shows a structure of one subscriber termi- 
nal in a simplified manner; 

Figures 3a-c illustrate examples of structure and 
operation of prior art microelectromechanical 

35 (MEMS) capacitors; 

Figures 4a-b illustrate an example of an on/off -type 
MEMS capacitor used in a matching circuit; 
Figure 5 illustrates an example of a tunable MEMS 
capacitor used in a matching circuit; 

40 Figure 6 illustrates an example of an LC circuit in 
connection with a matching circuit; 
Figure 7 shows method steps of implementing a first 
preferred embodiment, adapting a radio-frequency 
amplifier to load impedance, at a desired frequency; 

45 and 

Figure 8 shows method steps of implementing a 
second embodiment, adjustable tuning method of 
harmonic signals. 

50 DETAILED DESCRIPTION OF THE INVENTION 

[0015] Figure 1 illustrates, in a simplified manner, one 
digital data transmission system, to which the solution 
of the invention can be applied. It concerns a part of a 
55 cellular radio system which comprises a base station 
1 04, communicating 1 08 and 1 1 0 with subscriber termi- 
nals 1 00 and 1 02 that can be fixed terminals, terminals 
in a vehicle or portable terminals. Transceivers of the 
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base station 104 have a connection to an antenna unit 
which implements the radio connection to the subscriber 
terminal 100 f 102. The base station 104 further commu- 
nicates with a base station controller 1 06 which switches 
the connections of the terminals 100, 102 elsewhere in 5 
the network or to a public switched telephone network. 
The base station controller 106 controls a plurality of 
base stations 1 04 communicating therewith in a central- 
ized manner. A control unit located in the base station 
controller 106 performs call control, mobility manage- 10 
ment, collection of statistics and signalling. 
[0016] Figure 2 illustrates one radio system terminal 
which generally employs radio-frequency amplifiers. 
Transmitter amplifiers are generally called power ampli- 
fiers and receiver amplifiers are called preamplifiers, is 
The transmitter of the subscriber terminal and the trans- 
mitter of the radio system network part carry out partly 
the same tasks. Correspondingly, the receiver of the 
subscriber terminal and the receiver of the radio system 
network part carry out partly the same tasks. The radio 20 
system network part also comprises power amplifiers 
and preamplifiers. The subscriber terminal can be e.g. 
a portable telephone or a microcomputer without re- 
stricting thereto, however. The described terminal com- 
prises an antenna 200 by which signals are transmitted 2S 
and received. The system may also comprise separate 
antennas for transmitters and receivers, and conse- . 
quently a duplex filter is not needed for separating the 
transmitter and receiver signals. The terminal may also 
comprise a plurality of antennas or a multi-antenna sys- 30 
tern. The modulated signal is amplified on the transmit- 
ter side of the terminal by a power amplifier 202. Power 
amplifiers 202 are used in various electronic devices, 
such as radio device applications. The function of the 
power amplifier 202 is to amplify the power of the input 35 
signal to be suitable for the load. In transmitters, the 
power amplifiers 202 are generally used to amplify an 
excessively weak signal to be transmitted to a sufficient 
transmission power level. In receivers, the pre-amplifi- 
ers 206 are used to amplify the received signal, faded *o 
on the radio path, to a sufficient power level for detec- 
tion. In general, the power amplifier 202 and the pream- 
plifier 206 have to be adapted to their operating environ- 
ment by various circuit solutions, whose design, i.e. se- 
lection of component types and amounts and coupling 45 
manners, depend on each particular application. In ad- 
dition, also other signal processing functions, such as 
upmixing and downmixing of the signal to the desired 
frequency as in the example of Figure 2, can be added 
to the power amplifier 202 and the preamplifier 206 for so 
amplifying the signal. 

[0017] Upmixing can also be performed in a modula- 
tor 204. After the upmixing, the signal is applied to an 
antenna 200. In the example of Figure 2, the power am- 
plifier 202 also comprises an amplifier matching circuit. 55 
The control signal of the matching circuit is 220. There 
can be one or more control signals 220. The capaci- 
tance of adjustable capacitors of the amplifier matching 



circuits is adjusted by means of the control signal for 
adapting the amplifier to the load, i.e. in the transmitter 
to the antenna(s). The amplifier must be adapted, so 
that the signal would not distort when amplified, be- 
cause if the signal distorts there is a risk that information 
contents of the signal changes. The terminal also com- 
prises a modulator 204 : which modulates the carrier with 
a data signal having desired information according to 
the selected modulation method. The receiver side of 
the terminal also comprises an amplifier 206 which am- 
plifies the signal coming from the antenna. The amplifier 
of the receiver is generally called a preamplifier. The 
preamplifier also comprises a matching circuit or a 
matching circuit is connected thereto. In the example of 
the figure, the received signal is also downmixed In the 
preamplifier 206 to a selected intermediate frequency 
or directly to baseband. In the receiver, the signal can 
also be downmixed in a demodulator 208. The demod- 
ulator 208 demodulates the received signal, so that the 
data signal can be distinguished from the carrier. 
[0018] The subscriber terminal also comprises a con- 
trol block 216, which controls the operation of different 
terminal parts and carries out necessary measures to 
process the data generated by the user's speech or the 
user, such as DSP (Digital Signal Processing), D/A con- 
version and filtration. The control block 216 can also 
control a separate D/A converter 309 or directly elec- 
trodes 302, 303A, 303B. The control block also performs 
both encoding and decoding, such as channel and 
speech encoding. In addition, if a spread spectrum sys- 
tem, such as UMTS (Universal Mobile Telecommunica- 
tion System) is used, the control block 21 6 also controls 
spreading of the signal spectrum onto a broad band for 
transmission by means of a pseudo-random spreading 
code and despreading of the received signal with the 
intention of increasing the capacity of the channel. The 
actual spectrum spreading typically takes place after 
modulation and despreading prior to demodulation. The 
control block 21 6 also adapts the transmitted signal and 
the signalling information according to the air interface 
standard of the radio system in use. The control block 
216 controls the operation of adjustable amplifiers, so 
that the signal transmission power is suitable on the ra- 
dio path and so that the level of the received signal is 
sufficient for a detector. The control units 21 6 measure- 
ments on the signal transmitted by the radio system net- 
work part, such as bit error ratio measurements, delay 
estimation and power measurements, are utilized for 
adjusting the signal power to a suitable level. Software 
controlling the operation of the terminal is executed in 
the control block 216. 

[0019] In addition, the terminal comprises a memory 
21 8 which comprises software controlling the operation 
of the terminal, for instance. 

[0020] The above-described terminal functions can 
be implemented in a variety of ways, for instance, with 
software executed by a processor, or with equipment im- 
plementation, such as a logic constructed of separate 
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components, or an ASIC (Application Specific Integrat- 
ed Circuit). 

[0021] The terminal user interface comprises a loud- 
speaker or an earpiece 210, a microphone 212, a dis- 
play 214 and possibly a keypad, which communicate 5 
with the control block 216. 

[0022] The prior art MEMS technology enables quick 
manufacturing of capacitors that are adjustable in large 
value range and that also have a good G value, i.e. qual- 
ity factor. Figures 3a-c show an example of the structure io 
and operation of a microelectromechanical (MEMS) ca- 
pacitors by means of simplified schematic views. It 
should be noted that the components may include also 
other structural parts, such as a plurality of control elec- 
trodes or contact surfaces for providing RF connections. 15 
Figures 3a-b show a simplified, switch-type on/off 
M EMS capacitor. The MEMS capacitor has an electrode 
302 prepared onto a semi-conductor disc 300, and the 
surface of the electrode is of isolating material. The most 
commonly used semi-conductor materials are silicon 20 
(Si) or gallium-arsenide (GaAs). On top of the electrode 
there is generally a membrane-like structure 308 made_ 
of a conductive material, typically metal, such as alu- 
minium. This membrane 308 forms a bridge-like struc- 
ture, which is connected either at both ends or only at 25 
one end to a thicker metal layer 304, 306, which is 
ground potential. An air gap between the electrode 302 
and the membrane bridge 308 determines the MEMS 
capacitor's blocking-state capacitance, i.e. off-capaci- 
tance. If voltage potential is not switched to the compo- 30 
nent, the tensile stress of the membrane bridge 308 
keeps it up, off the electrode 302. When DC voltage is 
switched to the electrode 302 below the bridge 308, pos- 
itive and negative charges are formed in the electrode 
302 and on the surface of the membrane bridge 308. 35 
When the electric tension is sufficient, the membrane 
bridge 308 touches the electrode 302. Thus, the isola- 
tion material of the electrode 302 surface determines the 
MEMS capacitor's pass-state capacitance, i.e. on-ca- 
pacitance. Because there is isolation material on the *o 
surface of the electrode, the bridge touches this isolation 
material, not the electrode itself, so the bridge has no 
galvanic contact to the electrode. Figure 3c shows a 
simplified structural view of the operation of a MEMS 
capacitor, in which the capacitance value can be adjust- 
ed in a given value range. In this case, it is possible to 
provide various intermediate capacitance values be- 
tween the extreme states of Figures 3a-b by controlling 
the magnitude of DC voltage applied to the electrode 
302 and thus the distance between the membrane 308 so 
and the electrode. Auxiliary electrodes 303A, 303B, 
which operate substantially in the same manner as the 
electrode, can be arranged to assist the electrode 302. 
Each auxiliary electrode 303A, 303B is advantageously 
connected directly to the output signal of the control 55 
block 216, or alternatively to a D/A converter 309 con- 
trolled by the control block 216. The publication Interna- 
tional Journal of RF and Microwave Computer- Aided 



Engineering, John Wiley & Sons, Inc., CAE 9:362-374, 
1999, gives further information on MEMS capacitors. 
The publication is incorporated herein as reference. 
[0023] Figures 4a-b show a simple example of an ad- 
justable MEMS capacitor used for adapting a radio-fre- 
quency amplifier to load impedance. In the solution pre- 
sented, the amplifier can be adapted to two different im- 
pedance relations Zp a1 /Z, oad and Zpgg/Z,^, which are 
relative to two different output power levels. Zp a1 , 41 2 is 
the amplifier's optimum load impedance at a node 401 , 
when output power is high, for instance, when Z pa1 is 1 
Q. Correspondingly, Z pa2> 400 is the amplifier's optimum 
load impedance at the node 401 , when output power is 
low. Low output power is e.g. 1 0 dB lower than high out- 
put power, whereby the optimum load impedance can 
be e.g. tenfold, in this example 10 Q, if the amplifier's 
DC supply voltage is constant, as typically in subscriber 
terminals of a cellular radio system. Z toad is load imped- 
ance 41 0, which in this example is 50 £2. If the values of 
coils 402 and 406 and capacitors 404 and 408 are se- 
lected suitably, and if the capacitor 404 is an on/off 
MEMS capacitor, as in Figures 4a-b, the impedance 
adaptions can be implemented by selecting the state of 
the capacitor 404 correspondingly. The MEMS capaci- 
tor's on-state has high capacitance and off-state has low 
capacitance. High capacitance is needed for the adap- 
tion from impedance Z pa1 412 to impedance Z tead 410, 
whereby the impedance relation is high. Low capaci- 
tance is needed for the adaption from impedance Zp a2 
400 to impedance Z load 410. It should be noted that in 
the above example the capacitor 408 can also be a 
MEMS capacitor and 404 an ordinary capacitor or both 
capacitors 404 and 408 can be MEMS capacitors. There 
can be one or more control signals 220. The number of 
capacitors, also MEMS capacitors, as well as the match- 
ing circuit topology may vary depending on the applica- 
tion. In the design of the amplifier or the relating circuits, 
other components, such as resistances and transistors, 
can also be used, when necessary. 
[0024] Figure 5 shows a more complex example of an 
adjustable MEMS capacitor used in an amplifier. In the 
example of the figure, both capacitors 404 and 408 are 
MEMS capacitors and adjustable within a given value 
range. Zp a , 514 is the amplifier's optimum load imped- 
ance at a node 401 . Z^, 514 is the amplifier's optimum 
load at node 401. By means of two MEMS capacitors 
with wide adjustment range it is possible to adapt sev- 
eral impedance values and also reactive impedances. 
It is also possible to combine MEMS capacitors of on/ 
off-type and having wide adjustment range in the same 
application. The number of components as well as the 
matching circuit topology may also vary depending on 
the application. In the design of the amplifier or the re- 
lating circuits, other components, such as resistances 
and transistors, can also be used, when necessary. A 
two-state on/off capacitor provides a larger difference 
between extreme values, i.e. a difference in capacitance 
between on and off states, than a capacitor that is ad- 
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justable to several different states. Which capacitor type 
is selected depends on the application: is a large differ- 
ence in capacitance needed or a plurality of different ca- 
pacitance values. It is also possible to combine different 
types in the same amplifier or the relating circuit. 5 
[0025] Even though the adaption of the radio frequen- 
cy amplifier may randomly change, the frequency of the 
channel used remains fixed, however. The controller 
21 6 is aware of this frequency and by means of the aux- 
iliary electrode 303A the D/A converter 309 controls the 10 
basic capacitance of the MEMS capacitor to be suitable. 
Figure 3C also shows a second advantageous, simple 
implementation, in which the controller 21 6 controls the 
basic capacitance of the MEMS capacitor, for a neces- 
sary quantity, by means of control bits and auxiliary eiec- 15 
trodes 303A, 303B. By means of the electrode 302, the 
radio frequency amplifier is further adapted to other var- 
iables, such as the transmission power used. By chang- 
ing the basic capacitance of at least one MEMS capac- 
itor, it is possible to arrange an optimal adaption in a 20 
simple manner irrespective of the channel used. This 
additional control is particularly advantageous in con- 
nection with broadband radio-frequency amplifiers, in 
which the channel used can be selected from a broad 
frequency band. 25 
[0026] Figure 6 shows an example of an amplifier and 
an LC circuit attached thereto which tunes harmonic sig- 
nals, i.e. an electric circuit switching consisting of at 
least one coil and at least one capacitor. There can be 
one or more LC circuits. The amplifier typicajly gener- 30 
ates harmonic frequencies depending on the compo- 
nents used. The harmonic frequencies, in particular the 
second harmonic frequency, are generally undesired, 
because they cause power losses, for instance. To im- 
prove the amplifier's efficiency, the harmonic signals, or 35 
any one of them, are tuned. A typical solution is a fre- 
quency-selective circuit which is tuned to the frequency 
of the second harmonic signal. According to prior art, it 
can be implemented by a simple LC circuit which reso- 
nates at the frequency of the second harmonic signal, 40 
and thus short-circuits that portion of the signal which 
includesthe second harmonic frequency. In general, the 
LC circuit consists of one coil and one capacitor that are 
coupled either in series, as in the figure, or in parallel. 
A problem with the prior art solution is that the circuit 45 
operates efficiently only in a narrow frequency range. 
When a MEMS capacitor is used in the LC circuit, ad- 
justability makes it possible to achieve a broad frequen- 
cy range around the harmonic frequency range by tun- 
ing the circuit electrically. In Figure 6, the coil of the first 50 
LC circuit is 600, and the adjustable MEMS capacitor is 
602 and the coil of the second LC circuit is 604 and the 
adjustable MEMS capacitor is 606, and the control sig- 
nal 220 controlling them can be the same or different. 
In this application, the use of a capacitor with a large 55 
value range is more advantageous as compared with an 
on/off-type capacitor, because the circuit can be adjust- 
ed to resonate more accurately at different harmonic fre- 
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quencies. If the MEMS capacitor has a sufficiently large 
adjustment range, the LC circuit qan also be adjusted to 
resonate at the frequency of the third harmonic signal. 
[0027] Figure 7 shows a flowchart of the method 
steps of adapting the amplifier to r load impedance with 
a matching circuit as output power varies. The matching 
circuit comprises one or more MEMS capacitors and an 
interface for receiving a control signal controlling the ca- 
pacitance of the MEMS capacitors. The method starts 
from block 700. In block 701, the basic capacitance of 
the MEMS capacitor is adjusted suitable for a channel 
used. Next, in block 702, the capacitance of microelec- 
tromechanical (MEMS) capacitors of the matching cir- 
cuit are adjusted such that the amplifier operates opti- 
mally at each particular output power level. Adjustment 
is repeatable in nature, i.e. according to arrow 703, the 
operation of block 702 is repeated. When the capaci- 
tance of the MEMS capacitor is adjusted as the output 
power changes, the amplifier is made to operate opti- 
mally in a large power range. The. adjustable MEMS ca- 
pacitors can be on/off-type capacitors or adjustable 
within a given value range. The matching circuit can only 
use MEMS capacitors of either type or various combi- 
nation solutions which employ both component types. 
Arrow 704 depicts the repetition' of the method every 
time the output power changes. The performance of the 
method stops in block 706. 

[0028] Figure 8 shows a flow, chart of the method 
steps of tuning the harmonic signal frequencies. Per- 
formance of the method starts from block 800. Next, in 
block 802, the harmonic signals are tuned with an LC 
circuit, which comprises one or more MEMS capacitors. 
In block 804, a control signal controlling the capacitanc- 
es of the MEMS capacitors is received through an inter- 
face in the LC circuit. Finally, in block 806, the capaci- 
tance of the MEMS capacitor is adjusted such that the 
LC circuit resonates at the frequency of the harmonic 
signal concerned. Performance of the method ends in 
block 808. Arrow 810 depicts the repetition of the meth- 
od as the frequency of the harmonic signal changes. 
[0029] Even though the invention is described in the 
above with reference to the example of the attached 
drawings, it is clear that the invention is not restricted 
thereto, but it can be modified in a variety of ways within 
the scope of the inventive idea disclosed in the attached 
claims. 



Claims 

1 . A matching circuit for adapting an amplifier to load 
impedance at various output power levels of the 
amplifier, the matching circuit comprising an inter- 
face for receiving control signals which determine 
capacitance of one or more capacitors, character- 
ized in that 

at least one matching circuit capacitor is a mi- 
croelectromechanical (MEMS) capacitor <404, 408) 
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characterized by 

(702) adjusting the capacitance of at least one 
microelectromechanical (MEMS) capacitor of the 
matching circuit such that the amplifier operates op- 
5 timally in a broad output power level range. 

8. A method as claimed in claim 7, characterized in 
that harmonic signals resulting from amplifier non- 
linearities are tuned by one or more LC circuits con- 

10 nected to the matching circuit, i.e. with an electric 
circuit switching consisting of at least one coil and 
at least one capacitor, the LC circuit comprising at 
least one adjustable microelectromechanical 
(MEMS) capacitor whose capacitance the control 
15 signals adjust such that the LC circuit resonates at 
the frequency of the harmonic signal to be tuned. 

9. A method for adapting an amplifier to load imped- 
ance with a matching circuit at various output power 

20 levels of the amplifier, the matching circuit compris- 

ing one or more LC circuits, i.e. an electric circuit 
switching consisting of at least one coil and at least 
one capacitor for tuning harmonic signals resulting 
from amplifier nonrlinearities, characterized by 

25 

(802) tuning harmonic signals by an LC circuit 
which comprises at least one adjustable micro- 
electromechanical (MEMS) capacitor, 
(804) receiving control signals adjusting capac- 
30 itance of the microelectromechanical (MEMS) 

capacitor through an interface in the LC circuit, 
(806) adjusting the capacitance of the microe- 
lectromechanical (MEMS) capacitor by at least 
one control signal such that the LC circuit res- 
35 onates at the frequency of the harmonic signal 

to be tuned. 
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whose capacitance the control signals (220) adjust 
for the amplifier to operate optimally at a selected 
frequency at any particular power level and thus 
making the amplifier operate optimally in the whole 
desired power range. 

2. A matching circuit as claimed in claim 1 , character- 
ized in that one or more LC circuits, i.e. an electric 
circuit switching (600, 602, 604, 606) consisting of 
at least one coil and at least one capacitor is con- 
nected to the matching circuit for tuning harmonic 
signals resulting from amplifier non-linearities, com- 
prising at least one adjustable microelectrome- 
chanical (MEMS) capacitor (602, 606) whose ca- 
pacitance the control signals (220) control such that 
the LC circuit (600, 602, 604, 606) resonates at the 
frequency of the harmonic signal to be tuned. 

3. A matching circuit for adapting an amplifier to load 
impedance at various output power levels of the 
amplifier, the matching circuit comprising one or 
more LC circuits, i.e. an electric circuit switching 
consisting of at least one coil and at least one ca- 
pacitor for tuning harmonic signals resulting from 
amplifier non-linearities, characterized in that 

at least one capacitor of the LC circuit (600, 
602, 604, 606) is an adjustable microelectro- 
mechanical (MEMS) capacitor (602, 606), 
the LC circuit comprises an interface for receiv- 
ing control signals (220) adjusting the capaci- 
tance of the microelectromechanical (MEMS) 
capacitor (602, 606), 

the control signal (220) adjusts the capacitance 
of the microelectromechanical (MEMS) capac- 
itor such that the LC circuit (600, 602, 604, 606) 
resonates at the frequency of the harmonic sig- 
nal to be tuned. 

4. A matching circuit as claimed in claim 1 , 2 or 3, 
characterized in that basic capacitance of the mi- 
croelectromechanical (MEMS) capacitor is adjust- 
ed suitable for the channel used. 

5. A matching circuit as claimed in claim 1 , 2, 3 or 4, 
characterized in that the MEMS capacitors (404, 
408, 602, 606) are of on/off adjustable type. 



10. A method as claimed in claim 7, 8 or 9, character- 
ized by adjusting basic capacitance of the microe- 

40 lectromechanical (MEMS) capacitor suitable forthe 
channel used. 

11. A method as claimed in claim 7, 8, 9 or 10, charac- 
terized in that the MEMS capacitors are typically 

45 of on/off adjustable type. 

12. A method as claimed in claim 7, 8, 9 or 10, charac- 
terized in that the MEMS capacitors are adjustable 
to a plurality of different values within a predeter- 
mined value range. 



6. A matching circuit as claimed in claim 1 , 2, 3 or 4, 
characterized in that the MEMS capacitors (404, 50 
408, 602, 606) are adjustable to a plurality of differ- 
ent values within a predetermined value range. 

7. A method for adapting an amplifier to load imped- 
ance with a matching circuit at various output power 55 
levels of the amplifier, the matching circuit compris- 
ing an interface for receiving control signals which 
determine capacitance of one or more capacitors, 
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tuning harmonic signals resulting from amplifier non-lin- 
earities. At least one capacitor of the LC circuit (600, 



602, 604, 606) is an adjustable microelectromechanical 
(MEMS) capacitor (602, 606). The LC circuit comprises 
an interface for receiving control signals (220) adjusting 
capacitance of the microelectromechanical (MEMS) ca- 
pacitor. The control signals {220) adjust the capacitance 
of the microelectromechanical (MEMS) capacitor (602, 
606) such that the LC circuit (600, 602, 604, 606) reso- 
nates at the frequency of the harmonic signal to be 
tuned. 
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